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1
PROCESS FOR THE PREPARATION OF
ANAGRELIDE AND ANALOGUES THEREOF

CROSS REFERENCE TO RELATED
APPLICATION

This application is a 371 of PCT/GB2011/052053, filed
Oct. 21, 2011, which claims the benefit of GB Patent Appli-
cation No. 1017783.0, filed Oct. 21, 2010, the contents of
each of which are incorporated herein by reference.

FIELD THE INVENTION

This invention relates to a process for producing the 6,7-
dichloro-1,5-dihydroimidazo[2,1-b]quinazolin 2 (3H)-one,
more commonly known as anagrelide, and certain analogues
thereof. More specifically, the present invention relates to an
improved process for the formation of anagrelide and certain
analogues thereof, which is efficient and viable to implement
on a commercial scale.

BACKGROUND OF THE INVENTION

Anagrelide hydrochloride (AGRYLIN®, XAGRID®) is a
novel orally administered imidazoquinazoline which selec-
tively reduces platelet count in humans and is used for such
purposes in the treatment of myeloproliferative diseases
(MPDs), such as essential thrombocythemia (ET), where an
elevated platelet count may put the patient at increased throm-
botic risk. The chemical structure of anagrelide, 6,7-dichloro-
1,5-dihydroimidazo[2,1-b]-quinazolin-2(3H)-one  hydro-
chloride monohydrate, is shown as the hydrochloride
monohydrate in the following formula:

N

H

N

t):o HCI-H,0
N

WO 2008/065444 discloses certain 3- and 5-substituted
anagrelide derivatives that possess a more advantageous side
effect profile. The 3- and 5-substituted anagrelide derivatives
possess dramatically lower PDE III inhibitory activity when
compared to anagrelide or its active metabolite, yet they still
retain potent anti-megakaryocytic activity. The compounds
described in WO 2008/065444 are therefore potentially use-
ful and beneficial agents for the treatment of myeloprolifera-
tive diseases, such as essential thrombocythemia.

Processes for the preparation of anagrelide are described in
U.S. Pat. Nos. 3,932,407, RE31,617; 4,146,718; 4,208,521,
4,357,330; and 5,801,245. Published European patent appli-
cations EP 1373268, EP 1700840, EP 1700841, EP 1700842,
EP 1700843, and EP 170859 also describe methods for pre-
paring anagrelide.

Commercially, as discussed in U.S. Pat. No. 5,801,245,
and as shown in Scheme 1 below, anagrelide has been pre-
pared as the hydrochloride monohydrate (compound IV)
from the intermediate, ethyl-N-(6-amino-2,3-dichloroben-
zyl)glycine (compound I), either by reaction with cyanogen
bromide in hot alcoholic solution, or, preferentially, by reac-
tion with cyanogen bromide in an aprotic solvent such as
toluene to give the iminoquinazoline intermediate (com-

Cl

Cl
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pound II), which is isolated and then reacted with a base in a
hot solution of alcohol to form anagrelide base (compound
.
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The hydrochloride monohydrate anagrelide salt (com-
pound 1V) is prepared by adding hydrochloric acid to a
methanol slurry of anagrelide base (compound IIT) and heat-
ing to reflux. The hydrochloride salt is then hydrated in a high
humidity chamber. These two steps are time-consuming how-
ever, and the yield of hydrochloride salt can be poor due to
competing acid hydrolysis of the lactam ring and methyl ester
formation. After 15 minutes at reflux, the isolated yield is
62% and this decreases to 40% after 2 hours.

Normally, salts are prepared when the free base has unde-
sirable properties such as poor solubility or a non-solid physi-
cal state. In this case, both anagrelide base (compound III)
and the hydrochloride salt (compound IV) are solids with low
aqueous solubility. In addition, the water of crystallization
can accelerate decomposition of the parent molecuie through
hydrolysis of the lactam ring and this presents long-term
stability problems for pharmaceutical anagrelide formula-
tions.

Radiolabeled anagrelide base has been used in pharmaco-
kinetic studies in humans and monkeys and results show
complete absorption into blood plasma demonstrating that
the base is bioavailable. The free base is converted into the
hydrochloride salt in the stomach to enhance absorption. Both
the salt and the base exhibit equivalent pharmacological
effects, and there is no inherent advantage to using the hydro-
chloride monohydrate salt as the active pharmaceutical agent.

An important intermediate in these prior art syntheses of
anagrelide is ethyl-N-(6-amino-2,3-dichlorobenzyl)glycine
(compound I). Ethyl-N-(6-amino-2,3-dichlorobenzyl)gly-
cine (compound I) has been prepared from 2,3-dichloro-6-
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nitrobenzylamine (compound V) as shown in Scheme 2. This
material is no longer readily available commercially, how-
ever, as the precursor 2,3-dichloro-nitrobenzonitrile has
extreme toxic and skin-irritant properties.

Scheme 2
NO,
NH, —_—
Cl
Cl
W)
NO,
% COOEt —
Cl \/
Cl
(VD
NH,
H
N
Cl

Cl COOEt

@

The conventional process for the formation of ethyl-N-(6-
amino-2,3-dichlorobenzyl)glycine (compound I) from 1,2,3-
trichlorobenzene is shown in U.S. Pat. No. 4,146,718.

An improved process for the formation of ethyl-N-(6-
amino-2,3-dichlorobenzyl)glycine (compound I) using the
intermediate 2,3-dichloro-6-nitrobenzyl halide (compound
VIII), where halide is iodide, chloride or bromide, has been
developed as an environmentally acceptable alternative
(Scheme 3). The route of preparation from 2,3-dichloro-6-
nitro-toluene (compound VII) is described in U.S. Pat. No.
5,801,245, and involves a radical halogenation of the toluene
group. Radical conditions can be nonselective, however, and
could be difficult to effectively implement in large-scale com-
mercial manufacture.
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Scheme 3
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In both of the reactions shown in Schemes 2 and 3, ethyl-
N-(2,3-dichloro-6-nitrobenzyl)glycine (compound VI) is
reduced to the 8-amino-2,3-dichlorobenzyl glycine (com-
pound I) by stannous chloride reduction (SnCl,/HCl), A dis-
advantage of this route is the formation of large amounts of
tin-containing waste products. In addition, the strongly acidic
reaction conditions can promote chlorination of the aromatic
ring, producing a mixture of tri-chloro impurities which are
difficult to remove in successive steps.

A further problem with these prior art process is the num-
ber of synthetic steps required to produce the quinazoline
compounds, with each synthetic step leading both to a reduc-
tion in yield and increasing the possibility of competing side
reactions. Thus, these conventional synthetic routes require
effort to purify the intermediate and final products and may
not give an optimal yield. Work up and purification may thus
be needed after one or more of the intervening steps and final
purification is always required.

WO 2010/070318 describes an improved process for mak-
ing anagrelide and various analogues thereof. In particular,
WO 2010/070318 describes a process for making 3,3-dim-
ethylanagrelide by the process shown in Scheme 4 below.

Scheme 4

NO, NO,
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—
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The process described in WO 2010/070318 possesses a

number of advantages over the previously described pro- SUMMARY OF THE INVENTION

cesses. One particular benefit of the process described in WO

2010/070318 is that the 1,1-dimethyl-ethyl N-(2,3-dichloro- According to a first aspect of the present invention there is
25

6-nitrobenzyl)glycine intermediate and its 1-unsubstituted or
substituted analogues can be formed directly from the corre-
sponding 2,3-dichloro-6-nitrobenzyl alcohol without the
need to form an intermediate halo derivative. This leads to a
number of processing advantages; particularly on a larger
scale. It will be appreciated from Scheme 4 above that WO
2010/070318 describes a three step process to get from the
2,3-dichloro-6-nitrobenzaldehyde intermediate to the 1,1-
dimethyl-ethyl N-(2,3-dichloro-6-nitrobenzyl)glycine inter-
mediate.

Despite the improvements offered by the process described
in WO 2010/070318, there still remains a need for further
improved processes for manufacturing anagrelide or ana-
logues thereof, such as 3,3-dimethylanagrelide, which are
efficient and commercially viable to implement on a commer-
cial scale.

It is therefore an object of the present invention to provide
an improved synthetic process for the making of anagrelide
and its analogues, whether in base or salt form.

It is also an aim of the present invention to provide a
synthetically efficient process for the production of
anagrelide with a reduced number of synthetic steps and
which avoids some or all of the drawbacks associated with the
prior art processes. It is also an aim to provide a process in
which the convergency (i.e. the bringing together of synthetic
fragments) is maximised. It is a further aim to ensure that the
need for purification and workup is minimised. It is a particu-
lar aim of the present invention to provide a process which
minimizes the need for intermediate and final purification
steps. It is thus an aim to provide a route to the compounds of
formula (I) which offers an improved yield relative to the
existing routes. It is a further aim of the process of the present
invention to avoid the use of expensive and potentially haz-
ardous reagents and to additionally minimise the complexity
and costs associated with the process steps wherever possible.

It is an additional aim of the present invention to make
suitable intermediates from readily available starting materi-
als. Ideally this is achieved by an environmentally acceptable
method.

Still further objects and advantages of the present invention
will become apparent from the details provided in the speci-
fication.
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provided a method for making a compound of formula (A), or
a salt thereof:

)
NO,
CO,R7

R! R2
wherein:

R! and R? are each independently hydrogen or a blocking
group which functions to directly or indirectly prevent meta-
bolic reaction at the 3-position of substitution;

V, W, X, and Y, are independently chosen from the group
comprising: H, F, CL, I, Br, CN, C, 4alkyl, C, ¢haloalkyl,C, ¢
alkoxy, haloalkoxy and C, 4 alkanoyl; and

R” is a C,_4 alkyl group or aryl group, each of which can be
optionally substituted by 1 to 3 substituents independently
selected from the group comprising: C, calkyl, —SRS,
—OR?, —NR®R?,—NO,, SCF;, halogen, —C(O)R®,—CN,
and—CF,, where R® and R are independently Hor C,_ alkyl
the process comprising the steps of:

(a) reacting a compound of the formula (X):

NO,

CHO

with a glycine derivative of the formula (XI)
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XD
H,N CO,R7

RI R?

wherein R', R? and R” are as defined above;

in the presence of a suitable base and a suitable solvent to
form an imine compound of the formula (XII)

(XII)
NO,

P COR7

v R! R?

(b) reducing the imine compound of formula (XII) with a
suitable reducing agent to form the compound of formula A;
and

(c) optionally isolating the compound of formula A in the
form of an acid addition salt by reacting the compound of
formula A with a suitable acid.

As indicated above, compounds of formula A are useful as
intermediates in the synthesis of anagrelide and certain ana-
logues thereof, and in particular compounds of formula (B)
described below.

The process indicated above possesses a number of advan-
tages relative to the prior art processes. In particular, with
regard to the three step process defined in WO 2010/070318
for getting from the 2,3-dichloro-5-nitrobenzaldehyde inter-
mediate to the 1,1-dimethyl-ethyl N-(2,3-dichloro-6-ni-
trobenzyl)glycine intermediate, the process defined above
requires only two key synthetic steps (steps (a) and (b)
above). The process defined above has also surprisingly been
found to provide an increased yield of the compound of
formula A with comparable levels of purity. Furthermore, the
batch cycle time can be reduced using this new process and
the need to use the potentially hazardous and expensive
reagent methanesulphonyl chloride, or related sulphonyl
chloride derivatives, is also eliminated. The process of the
present invention provides a further cost saving by enabling
the use of cheaper solvents, such as, for example, toluene.

In a second aspect, the present invention provides a process
for the preparation of a compound of formula (B), or a phar-
maceutically acceptable salt thereof:

®)

RS
W, N N4
S
(@]
N
X R!
2
v R

wherein:

RY, RV, W, X, andY are all as defined above in relation to
formula A; and

R’is H, C,_¢ alkyl or OH;

the process comprising the steps of:
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8
(a) forming a compound of formula A from a compound of
formula (X) as defined above;
(b) reducing the compound of formula (A) to form a com-
pound of formula (XIII):

(XIIT)

NH,
a ;
N COR

v R!' R?

(c) reacting the compound of formula (XIII) prepared in step
(b) above with cyanogen bromide in a suitable solvent to form
a compound of the formula (XIV)

XIV)

s

NH

N CO,R7

v R! R?

(d) reacting the compound of formula (XIV) under cycloalky-
lation conditions to form the compound of formula (B); and
(e) optionally thereafter forming a pharmaceutically accept-
able salt of the compound of formula (B).

DETAILED DESCRIPTION OF THE INVENTION
Definitions

Unless otherwise stated, the following terms used in the
specification and claims have the following meanings:

“Halo” means a group selected from: fluoro, chloro, bromo
or iodo.

“Alkyl” as used herein to a straight or branched hydrocar-
bon chain containing the specified number of carbon atoms.
For example, C,_salkyl means a straight or branched alkyl
containing at least 1 and at most 6 carbon atoms. Examples of
the term “alkyl” as used herein include, but are not limited to,
methyl, ethyl, n-propyl, n-butyl, n-pentyl, isobutyl, isopro-
pyl, t-butyl, and hexyl. A C,_, alkyl group is one embodiment,
for example methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl or t-butyl. The same principle applies to alkyl moi-
eties of other substiuent groups such as, for example, the alkyl
moieties of an alkoxy or alkanoyl group.

“Haloalkyl” refers to an alkyl group as defined above
which is substituted with one or more halo atoms. Examples
of the term haloalkyl include —CF,, —CHF,, —CH,CF;,
—CHCl,, and —CH,CHCI,. In an embodiment, the halo
atoms are selected from fluoro or chloro.

“Haloalkoxy” likewise refers to an alkoxy group that has
been substituted with one or more halo atoms. Examples of
the term  haloalkoxy includle —O—CF; and
—O—CH,CHCI,. In an embodiment, the halo atoms are
selected from fluoro or chloro.

The term “aryl” is used herein to refer to phenyl or naph-
thyl, preferably phenyl.
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The following are embodiments of the invention which are
relevant to each of the first and second aspects of the inven-
tion.

Inan embodiment, Y is halo. In a particular embodiment, is
chloro.

Inan embodiment, X is halo. In a particular embodiment, X
is chloro.

In an embodiment, V is H.

In an embodiment, W is H.

In an embodiment, R* is H or an optionally substituted C,_,
alkyl or C,_g cycloalkyl group.

In an embodiment, R? is H or an optionally substituted C,_,
alkyl group or C, 4 cycloalkyl.

In an embodiment, R' and R? are both methyl or together
form a cyclopropyl group.

In a particular embodiment, R* and R? are both methyl.

In each of the above embodiments for R' and R?, one or
more hydrogen atoms may be replaced by deuterium. Simi-
larly, one or more carbon atoms may be replaced by >C.

In an embodiment, R” is hydrogen or deuterium. In a par-
ticular embodiment, R? is hydrogen. In an embodiment, R” is
an optionally substituted C, 4 alkyl group, and more prefer-
ably it is methy] or ethyl.

In a particular embodiment, the compound of formula (B)
is anagrelide or 3,3-dimethylanagrelide, i.e. X and Y are
chloro; V and W are hydrogen, R' and R? are both hydrogen
or methyl; and R® is hydrogen.

In a particular embodiment, the compound of formula (A)
is a methyl or ethyl ester of N-(2,3-dichloro-6-nitrobenzyl)
glycine or 1,1-dimethyl-N-(2,3-dichloro-6-nitrobenzyl)gly-
cine, i.e. X andY are chloro; V and W are hydrogen, R' and R?
are both hydrogen or methyl; and R” is methyl or ethyl.

Preparation of Compounds of Formula A

As indicated above, the present invention provides a
method for making a compound of formula (A) as defined
herein, the process comprising the steps of:

(a) reacting a compound of the formula (X):

NO,

X CHO

with a glycine derivative of the formula (XI)

XD

H,N CO,R7

R!' R?
wherein R', R? and R” are as defined above;

in the presence of a suitable base and a suitable solvent to
form an imine compound of the formula (XII)
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(XID)
v
W. NO,
N COR7
X 7
v R! R?

(b) reducing the imine compound of formula (XII) with a
suitable reducing agent to form the compound of formula A;
and

(c) optionally isolating the compound of formula A in the
form of an acid addition salt by reacting the compound of
formula A with a suitable acid.

The compounds of formula X may be prepared by any
suitable process known in the art. For example, methods of
making a compound of formula X are described in WO 2010/
070318, the entire contents of which are incorporated herein
by reference.

Suitably, the compounds of formula (X) are prepared by
nitrating a compound of the formula (IX) shown below:

Ix)

X CHO

Y

For compounds in which V and W are both hydrogen and X
and Y are both chloro, the 2,3-dichlorobenzaldehyde (for-
mula IX) starting material is nitrated preferentially at the
8-position to form 2,3-dichloro-6-nitrobenzaldehyde (for-
mula X). The 2,3-dichloro-6-nitrobenzaldehyde compound
can be easily separated by crystallisation as well as by chro-
matography.

To enable the nitration of the compound of formula (IX),
the nitrating agent utilised is suitably nitric acid in concen-
trated sulphuric acid. In an embodiment, the nitrating agent is
fuming nitric acid in concentrated sulfuric acid. In an alter-
native embodiment, lower strength nitric acid in concentrated
sulphuric acid may be used, such as, for example, 60 to 80%
nitric acid or, more preferably, 70% nitric acid. The use of
lower strength nitric acid is less hazardous. The nitration
reaction is conducted for a period of time of from 30 minutes
to 5 hours. The reaction may be performed in two stages in the
sense that the compound (IX) is first mixed with a solution of
sulphuric acid followed by stirring for a period of from 30
minutes to 3 hours and preferably of from 1 to 2 hours. The
temperature is maintained at a range of 10 to 50° C. and more
preferably of 40 to 45° C. The second stage of this process
then involves charging the concentrated nitric acid to the
solution of the compound (IX) and sulphuric acid. The result-
ing reaction mixture is then stirred for a period of from 30
minutes to 3 hours and preferably of from 1 to 2 hours. The
temperature is maintained at a range of 10 to 50° C. and more
preferably of 20 to 30° C. The reaction mixture is then
quenched.

In another embodiment, the compound of formula (IX)
may be charged to the nitrating mixture in a single step under
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the same or similar conditions of temperature i.e. in the range
of'10to 50° C., and stirred for a period of from 30 minutes to
5 hours before quenching.

The nitration reaction is suitably quenched by adding water
to form the crude compound of formula (X) as a precipitate.
Alternatively, the nitration reaction is quenched by adding the
reaction mixture to water to form the compound of formula
(X). The reaction is quenched at a temperature of between
-10and 40° C. In some embodiments, the quenching reaction
is performed towards the lower end of this range, for example
0 to 5° C.; in other embodiments, the quenching may be
performed at a higher temperature such as 15-25° C. The
quenching may take place immediately in the sense that water
and the reaction mixture are combined immediately or may
take place over an extended period such as up to 3 or 4 hours.
The resultant crude compound of formula (X) can then be
purified, for example by washing and recrystallisation of the
crude product or may be used in the next step without further
purification.

The glycine derivatives of formula (XI) can be sourced
commercially or synthesised using techniques well known in
the art.

The reaction of step (a) between the compounds of formu-
lae X and X1 is carried out in the presence of a suitable base.
The base is preferably an organic base and more preferably is
an aliphatic or aromatic amine. In a particular embodiment,
the base is a tertiary aliphatic amine.

In a further embodiment, the base is a tri(C, _, ;alkyl)amine.
In a specific embodiment, the base is triethylamine.

The reaction between the compound of formula X and the
glycine derivative of formula (X1) is performed by dissolving
the compound of formula X in a suitable solvent, such as
toluene, and then adding the resulting solution to a solution of
the glycine derivative of formula (XI). Ideally the solution of
the glycine derivative is in the same soivent as the compound
of formula (X). The base is then added to the resulting mixture
and the reaction stirred for a period of from 1 to 4 hours,
preferably with heating in order to bring the reaction to reflux.

Any suitable solvent for the step (a) reaction between the
compounds of formulae X and XI may be used. Toluene,
2-methyletrahydrofuran, methanol and methyl tert-butyl
ether have been demonstrated to work. In a particular embodi-
ment, the solvent is toluene. Toluene is a preferred solvent
because ofits low cost. Other suitable solvents include: aceto-
nitrile, chlorobenzene, chloroform, cyclohexane, dichloroet-
hane, dichloromethane, dichlorobenzene, dimethoxyethane,
DMA, DMF, dioxane, ethoxyethanol, ethyleneglycol, forma-
mide, hexane, heptane, methoxyethanoi, methylbutylketone,
methylcyclohexane, N-methylpyrrolidine, nitromethane,
pyridine, sulfolane, tetralin, trichloroethene, xylene, anisole,
butan-1-ol, butan-2-ol, butylacetate, cumene, DMSO, etha-
nol, diethylether, diisopropylether, ethyl acetate, isopropyl
acetate, isobutylacetate, propyl acetate, methylacetate, 3-me-
thyl-1-butanol, methylethylketone, methyl-iso-butylketone,
2-methyl-1-propanol, 1-pentanol, 1-propanol, 2-propanol,
tetrahydrofuran, methylisopropylketone, 1,1-diethoxypro-
pane, 1,1-dimethoxymethane, 2,2-dimethoxypropane, isooc-
tane, and methylisopropylketone. One of the important
aspects in the choice of the solvent for the reaction is linked to
the ability to hold in solution both of the reactants.

The step (a) reaction between the compounds of formulae
X and XI suitably proceeds by heating the reaction mixture to
an elevated temperature and preferably to reflux. The reaction
may proceed for 1 to 24 hours, more suitably 1 to 4 hours, and
most typically 2 to 4 hours.
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In an embodiment, water is generated during the step (a)
reaction is removed by any suitable technique known in the
art. In a particular embodiment, the water is removed azeo-
tropically.

After the reaction has been maintained at elevated tempera-
ture (e.g. reflux), the reaction is either allowed to cool or
forcibly cooled to a temperature around 30-50° C. Cooling
may take place over a period of from 15 minutes to 2 hours.
The cooled reaction mixture may then be sampled for purity.
The purity of the resulting reaction mixture is such that no
more than 2% w/w of the compound of formula (X) remains
unreacted.

Once the step (a) reaction is complete, the product may be
washed with water or an aqueous wash solution and then
dried to provide the imine compound of formula (XII). Dry-
ing may be facilitated by heating the washed imine product to
reflux and azeotrope drying until no more water is observed in
the azeotrope collection bowl. The azeotropic drying process
may be conducted for a period of from 2 to 4 hours. The dried
imine is then cooled and collected. The purity of the dried
product of formula XII is such that it contains no more than
1%, and preferably 0.5% w/w water.

The reduction of the imine in step (b) to yield the com-
pound of formula A may be facilitated by any suitable reduc-
ing agent. In an embodiment, the reducing agent is a metal
hydride. A particularly suitable reducing agent is sodium
borohydride.

In an embodiment, the reduction is facilitated by reacting
sodium borohydride with acetic acid to form sodium triac-
etoxyborohydride as the active reducing agent species. The
sodium triacetoxyborohydride species can be formed in situ
or alternatively it may be preformed and added to the imine of
formula (XII).

In an embodiment, sodium borohydride is mixed with ace-
tic acid prior to reaction with the imine compound of formula
(XII). The reaction between sodium borohydride and the
acetic acid is exothermic, so the reaction vessel is suitably
cooled to below 15° C. More suitably, the reaction is main-
tained at a temperature of between 0 and 10° C.

In an alternate embodiment, sodium borohydride is first
added to a reaction vessel and dissolved in a solvent (e.g.
toluene) before the imine of formula (XII) is added. The
temperature of the reaction vessel may be maintained at a
temperature of between 15 and 25° C. After addition of the-
imine of formula (XII), acetic acid is then added over a period
of'time of up to 2 hours. During the addition of the acetic acid,
the reaction vessel may be maintained at a temperature of
between 15 and 25° C. In this embodiment the sodium triac-
etoxyborohydride species is generated in situ.

When the sodium triacetoxyborohydride species is pre-
formed, the reduction reaction of step (b) is suitably con-
ducted at a temperature between 10 and 40° C., more prefer-
ably between 20 and 30° C. for 1 to 24 hours, and more
preferably between 6 and 12 hours (for example between 10
and 12 hours).

When the sodium triacetoxyborohydride species is gener-
ated in situ the reduction of step (b) is suitably conducted at a
temperature of between 10 and 40° C., more preferably
between 15 and 25° C. for 1 to 5 hours, and more preferably
between 1 and 3 hours.

Suitable solvents for step (b) are the same as for step (a)
above. Suitably, the solvent for step (b) is the same as the
solvent used for step (a). In an embodiment, toluene is used as
the solvent in both of steps (a) and (b).

The purity of the resulting product of formula (A) is such
that no more than 4%, and preferably 2%, w/w of the com-
pound of formula (XII) remains unreacted.
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The product of step (b) is suitably washed to remove any
impurities and then the product is collected, for example by
distillation. In an embodiment, the product of step (b) is
washed with bicarbonate solution (e.g. 15% w/w sodium
bicarbonate solution) and then water and the product is col-
lected by, for example, distillation.

Suitably, the compound of formula A is then reacted to
form an acid addition salt that can be collected (as stipulated
in step (c) above). Any suitable acid may be used for this
purpose. In an embodiment, the acid is hydrochloric acid
which yields the HCI salt of the compound of formula (A).
The hydrochloride salt is convenient because it facilitates
work up and purification where needed after this reaction. In
alternative embodiments, HBr or sulfonic acids, eg methane-
sulfonic acid, are used.

Step (c) is suitably carried out in the presence of a suitable
solvent. Any suitable solvent may be used for this process. An
example of a suitable solvent is an alcohol, e.g. isopropyl
alcohol.

As before, the choice of solvent will depend on solubilities
of the reactants; in this case the solubility of free base in the
solvent is necessary to ensure the salt formation process
works.

Preparation of Compounds of Formula B

As indicated above, the present invention also provides a
process for the preparation of a compound of formula (B), or
a pharmaceutically acceptable salt thereof:

®)

RS
W. N N/
x
(@]
N
X
2R!
Y R

wherein;

RY, R%, V, W, X, and Y are all as defined above in relation to
formula A; and

R’ is H, alkyl or OH;
the process comprising the steps of:

(a) forming a compound of formula A from a compound of
formula (X) as defined above;

(b) reducing the compound of formula (A) to form a com-
pound of formula (XIII):

(XI1II)

NH,
H
N COR7

R! R?

(¢) reacting the compound of formula (XIII) prepared in step
(b) above with cyanogen bromide in a suitable solvent to form
a compound of the formula (XIV)
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xIv)

NH

N CO,R7

v R! R?

(d) reacting the compound of formula (XIV) under cycloalky-
lation conditions to form the compound of formula (B); and
(e) optionally thereafter forming a pharmaceutically accept-
able salt of the compound of formula (B).

In step (b) of the process defined above, the aromatic nitro
group on the glycine derivative of formula (A) is reduced
using a conventional reducing agent. One such procedure
known in the art is the use of a mixture of stannous chloride
and hydrochloric acid to effect the reduction. Where possible,
however, the present invention seeks to avoid the use of tin
reagents. Preferred catalysts are based on metals or metal
complexes of rhodium, iridium, palladium, platinum, ruthe-
nium and osmium. In a preferred embodiment, the com-
pounds of formula (A) are subjected to catalytic hydrogena-
tion using a metal or metal-based catalyst such as platinum,
platinum oxide, rhodium, and palladium on carbon under
hydrogen pressure. The catalytic hydrogenation reaction may
be carried out under homogeneous or heterogeneous condi-
tions. Phase transfer catalysis may also be used using con-
ventional phase transfer catalysts. A preferred catalyst is
Pd/C, such as palladium on activated carbon. Once the reac-
tion is complete, the catalyst may be removed by filtration.

In a particular embodiment, the compound of formula (A)
is reacted with hydrogen in the presence of a platinum on
carbon catalyst until the reaction is complete. In an embodi-
ment, the hydrogenation step is carried out by starting at
approximately atmospheric pressure of hydrogen until the
rate of hydrogen uptake tails off, followed by gradually
increasing the hydrogen pressure as appropriate. The hydro-
gen gas pressure may be from 1 to 3 bar, and is preferably 2
bar. The hydrogenation reaction is suitably carried out whilst
maintaining a temperature of 15-25° C.

In an alternative embodiment, the hydrogenation step is
carried out by pressurising the reaction vessel with hydrogen
gas. Suitably the reaction proceeds for 2 to 8 hours, for
example 6 hours, or until the uptake of hydrogen ceases.
Suitably the pressure of the hydrogen gas in the reaction
vessel is 1 to 3 bar, especially 2 bar.

Any suitable solvent may be used for the hydrogenation
procedure. In an embodiment, the solvent is a water miscible
solvent such as methanol. In one embodiment, the compound
of formula (A) is added to a vessel containing methanol and
the catalyst. Hydrogen is then introduced into the reaction
mixture as detailed above.

Suitable conditions for steps (c¢) and (d) in the process
above are known in the art, see for example WO 2010/
070318, the entire contents of which are hereby incorporated
by reference. For the avoidance of doubt, the content of this
disclosure insofar as it relates to steps (c¢) and (d) forms a part
of one embodiment of the process of the present disclosure.

In an embodiment, once the reaction in step (b) is complete
and the hydrogenation catalyst has been removed, cyanogen
bromide is then added and reacts with the compound of for-
mula (XIIT) to form the compound of the formula (XIV). This
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step (c) reaction is suitably carried out in methanol, although
any other suitable water miscible solvents or solvent mixtures
may also be used.

Suitably, the reaction between cyanogen bromide and the
compound of formula (XIII) is facilitated by heating the
reaction mixture to reflux (approximately 65° C. if the solvent
is methanol). The reaction may proceed until complete. Reac-
tion times of 2 to 12 hours, more typically 8 to 10 hours may
be required. Once the reaction is complete, the reaction mix-
ture is cooled.

The next step in the process, step (d), involves reacting the
compound of formula (XIV) formed in step (¢) under
cycloalkylation conditions. Suitably, the cycloalkylation of
the compound of formula (XIV) is facilitated by refluxing the
compound in an organic alcohol in the presence of a suitable
base. Any suitable base may be used. In an embodiment the
base is sodium bicarbonate. In alternative embodiment, the
base is sodium carbonate. The carbonate or bicarbonate may
be added as an aqueous solution to the reaction mixture.
Preferably, the base added to quench the reaction is sodium
carbonate as this requires a much lower volume of solution to
be added, which dramatically reduces the volume that needs
to be filtered in order to collect the final product. This in turn
reduces the filtering time dramatically, resulting in significant
savings in terms of time and cost.

In an embodiment, a 15% w/w sodium carbonate solution
is added and the reaction mixture is maintained at a tempera-
ture of 30 to 50° C., more preferably 35 to 45° C., for a time
period of 2 to 7 hours, more preferably 3 to 5 hours. The
temperature may then be reduced (for example to 20 to 25°
C.). The cooled reaction mixture may continue to be stirred
for at least one hour.

The resultant compound of formula (B) prepared by the
reaction described in step (d) may then be collected by filtra-
tion and washed (optionally with water and/or acetone) and
then dried.

In step (e), the free base of the compound of formula (B)
may optionally be converted into a pharmaceutically accept-
able acid addition salt by dissolving the free base in a suitable
solvent and adding the appropriate acid. The salt may then be
collected by any suitable technique known in the art. It is not
necessary for the free base of the compound of formula (B) to
be isolated prior to salt formation. The desired salt can be
generated by adding the appropriate acid to the crude free
base prepared in step (d). The desired salt can then be col-
lected, washed and dried in a similar manner.

The present invention includes the synthesis of all pharma-
ceutically acceptable isotopically-labelled compounds of for-
mulae (A), (B) and (IX) to (XIV) wherein one or more atoms
are replaced by atoms having the same atomic number, but an
atomic mass or mass number different from the atomic mass
or mass number usually found in nature.

Examples of isotopes suitable for inclusion in the com-
pounds of the invention include isotopes ofhydrogen, (*Hand
*H), carbon, (*!C, *C and '*C), chlorine, (**Cl), fluorine,
(**F), iodine, (***1 and '?°1), nitrogen, (**N and *°N), oxygen,
(*>0, 170 and *®0), phosphorus, (**P), and sulphur, (**S).

Certain isotopically-labelled compounds, for example,
those incorporating a radioactive isotope, are useful in drug
and/or substrate tissue distribution studies. The radioactive
isotopes tritium, i.e. *H, and carbon-14, i.e. '*O, are particu-
larly useful for this purpose in view of their ease of incorpo-
ration and ready means of detection.

Substitution with heavier isotopes such as deuterium, i.e.
2H, may afford certain therapeutic advantages resulting from
greater metabolic stability, for example, increased in vivo
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half-life or reduced dosage requirements, and hence may be
preferred in some circumstances.

Substitution with positron emitting isotopes, such as *'C,
18F, 180 and *N, can be useful in Positron Emission Topog-
raphy (PET) studies for examining substrate receptor occu-
pancy.

Isotopically-labelled compounds can generally be pre-
pared by conventional techniques known to those skilled in
the art or by processes analogous to those described using an
appropriate isotopically-labelled reagent in place of the non-
labelled reagent previously employed.

The skilled person will appreciate that adaptation of the
methods herein described and/or adaptation of methods
known in the art could be applied to the processes of the
present invention.

For example, the skilled person will be immediately famil-
iar with standard textbooks such as “Comprehensive Organic
Transformations—A Guide to Functional Group Transfor-
mations”, R C Larock, Wiley-VCH (1999 or later editions),
“March’s Advanced Organic Chemistry—Reactions, Mecha-
nisms and Structure”, M B Smith, J. March, Wiley, (6th
edition (2007) or later) “Advanced Organic Chemistry, Part
B, Reactions and Synthesis”, F A Carey, R J Sundberg, Klu-
wer Academic/Plenum Publications, (2001 or later editions),
“Organic Synthesis—The Disconnection Approach”, S War-
ren (Wiley), (1982 or later editions), “Designing Organic
Syntheses” S Warren (Wiley) (1983 or later editions),
“Guidebook To Organic Synthesis” R K Mackie and D M
Smith (Longman) (1982 or later editions), etc., and the refer-
ences therein as a guide.

EXAMPLES

1A. 2,3-Dichloro-6-nitrobenzaldehyde

Cl H

cl
1. HNO;, H,SO,, H,0

2. TBME, H,0, Na,CO;
3. TBME, Heptane
Stage 1

Cl H

Cl

NO,

Preparation of 2,3-Dichloro-6-nitrobenzaldehyde

Concentrated sulphuric acid (450 Kg) was added to 2,3-
dichlorobenzaldehyde (59 Kg) and the mixture was heated to
40-44° C. for 2 hours, with stirring, to dissolve all the solids
then cooled to 20-25° C. over a period of 95 minutes. Nitric
acid (70% w/w, 34.5 Kg) was added to the solution, main-
taining the temperature between 16 and 28° C., over a period
of 110 minutes. The reaction mixture was stirred for 130
minutes, at between 21-25° C., and then quenched by con-
trolled addition over 225 minutes into 1080 Kg of water
(pre-cooled to 0-5° C.), maintaining the temperature between
2-20° C., including a vessel rinse of concentrated sulphuric
acid (9.2 Kg). The resulting suspension was stirred for 180
minutes at between 10-14° C. then isolated by filtration and
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washed with pre-cooled (0-15° C.) water (2x297 Kg). The
isolated crude solid (151.3 Kg crude, 51.6 kg active weight)
was dissolved in methyl tert-butyl ether (590 L) and washed
with water (165 L), 10% w/w sodium carbonate solution (165
L) and then water (1654 Solvent was removed by reduced
pressure distillation at 17-20° C. until a volume of 160 L. was
reached, whereupon heptane (1140 L) was added. The result-
ing slurry was heated to 60° C. over 54 minutes and stirred at
between 60-65° C. for 110 minutes, then cooled to 15-20° C.
over 11.5 hours. Material was isolated by filtration and
washed with heptane 90 L) then dried in vacuo at 40-45° C. to
give 2,3-dichloro-6-nitrobenzaldehyde (21.3 Kg) with 96.3%
purity (HPLC) in 29% yield.

'"HNMR (CDCl,, 400 MHz): 8 10.4 (a, 1H); 8 8.0 (d, 1H);
87.8(d, 1H)

2A. 2-aminoisobutyric acid ethyl ester hydrochloride

1. SOCl,,
OH EtOH o
HN —> HN \/
2. TBME
o] Stage 2a O *HCl

Ethanol (395 L) was added to 2-aminoisobutyric acid (79
Kg) and the mixture stirred at 20° C. Thionyl chloride (91.2
Kg) was added, maintaining the temperature at 540° C. The
mixture was heated to reflux and stirred for 6 hours. The
contents were distilled under atmospheric pressure to a
residual volume of approximately 200 L over a period of 14
hours. The mixture was cooled to 45-50° C. and methyl
tert-butyl ether (395 L) was added. The mixture was cooled to
0-5° C. and stirred for 1 hour. Material was isolated by filtra-
tion and washed with methyl tert-butyl ether (160 L) pre-
cooled to 0-5° C., then dried in vacuo at 30-40° C. to give
ethyl-2-aminoisobutyrate hydrochloride (105.5 Kg) with
86.2% purity in 71% yield (based on active).

Os
3004
O
_/ :
1 A 6 N'H; <l
7 8
Chemical Shift (ppm) Signal, H’s Tentative Assignment

1.2 D, 3H 1
1.5 D, 6H 7,8
2.5 Quintet DMSO
3.4 BS Water
4.2 Quartet, 2H 2
8.8 BS, 3H* 9

* = The amine has 3 protons rather than 2 because it is protonated in the HCI in the

solution.
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3A. Ethyl
1-[(2,3-dichloro-6-nitrobenzyl)amino|]isobutyrate
hydrochloride (via the imine)

NO,
0
0
N
cl %‘\om
M Me

Cl €
O\/
al O HCL
(¢] (2a)
Et3N, Toluene
NO, Stage 2
Cl
Cl OEt
\N><’( 1. NaBHy, AcOH
_—
2.1PA, HCI
(0]
NO, Stage 2
Not isolated
Cl
Cl OEt
N
H
(0]
NO,
+HC1
Part A

Ethanol (325 Kg) was charged with 2-Aminoisobutyrate
hydrochloride (37.1 Kg) and the mixture stirred at 520° C.
Thionyl chloride (13.2 Kg) was added over 10 minutes main-
taining temperature at 15-22° C. and the mixture heated to
reflux (77° C.) over a period of 93 minutes. The mixture was
stirred at reflux for 250 minutes, cooled to 5.40° C., toluene
(20 L) was added and the mixture distilled at atmospheric
pressure to a residual volume of 100 L over a period of 405
minutes. Toluene (200 L) was added to the residue and the
mixture distilled under vacuum to a residual volume of 100 L
over a period of 125 minutes maintaining the temperature
=42° C. Toluene (200 L) was added to the residue and the
mixture distilled under vacuum to a residual volume of 100 L
over a period of 180 minutes maintaining the temperature
=44°C.

Part B

Toluene (250 L) was added to 2,3-dichloro-6-nitrobenzal-
dehyde (46.4 Kg) and the mixture stirred at 20-23 minutes
until a solution forms (1 hour). The solution was added to the
2-aminoisobutyrate hydrochloride solution from part A, fol-
lowed by a line rinse of toluene (50 L) Triethylamine (31.9
Kg) was added to the solution over a period of 25 minutes
maintaining the temperature between 17 and 20° C., followed
by toluene (10 L). The mixture was heated to 110° C. and
stirred under azeotropic reflux for 185 minutes at which point
the in-process check indicated <2% 2,3-dichloro-6-nitroben-
zaldehyde remaining. The mixture was cooled to 20-25° C.
and washed with water (2x225 L) then heated to reflux and
stirred under azeotropic reflux for 325 minutes at which point
the in-process check indicated a water content of <0.5% w/w,
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Part C

Toluene (270 L) was added to sodium borohydride (16 Kg),
the mixture stirred at 0-5"C and acetic acid (102.1 Kg) was
added over a period of 190 minutes maintaining the tempera-
ture between 0 and 20° C., followed by toluene (10 L). The
imine solution from Part B was added to the mixture over a
period of 95 minutes maintaining the temperature between
1-8° C., followed by toluene (SOL then 200. The mixture was
warmed to 20-30° C. and stirred at 22-28° C. for 12 hours at
which point the in-process check indicated 54% imine
remaining, 15% Sodium carbonate solution (370 L) was
added to the mixture maintaining the temperature between
20-30° C., the mixture stirred for 105 minutes and the layers
separated. The organic layer was washed with water (225 L),
the organic solution concentrated in-vacuo at 18-30° C. to
minimum stir volume, isopropyl alcohol (675 L) added and
the solution concentrated in-vacuo at 18-29° C. to minimum
stir volume. A solution of HCl in isopropyl alcohol (15.7%
w/w HCl, 73.6 Kg) was added to the imine solution maintain-
ing the temperature between 15-21° C. over a period of 22
minutes, the mixture cooled to 0-5° C. over 35 minutes,
stirred at 2-5° C. for 135 minutes and then filtered, washed
with isopropyl alcohol (2x100 L, pre-cooled to 0-5° C.) and
dried on the filter, until the loss on drying indicates <20%
wiw, to give ethyl 1-[(2,3-dichloro-6-nitrobenzyl)amino]
isobutyrate hydrochloride (61.8 Kg, active yield 57.2 Kg)
with 92.68% purity, by HPLC, in 75% yield.

1
s NOy
e}
% 12 14
5 8
a 9 O(\IS
11
Cl 10
Chemical Shift (ppm) Signal, H’s Tentative Assignment
1.26 T,3H 15
1.66 BS, 6H 10, 11
4.26 Q,2H 14
4.76 BS,2H 7
8.07 D,1H 2
8.24 D,1H 1
9.88 BS,H 8
4A.3,3-Dimethylanagrelide
Cl
Cl OEt
g H,, Pt/C, MeOH
B ]
fo) Stage 3
NO,

1. NCBr, MeOH
—_—

2. Na2C03(aq);
H,0, Acetone
Stage 3

el
al
cl OFt
N
i
0
NI, JHCl

Not isolated
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-continued
ClL
N
)\ ©
P
N

Methanol (151 Kg) was added to 5% platinum on activated
carbon (1.78 Kg) and ethyl 1-[(2,3-dichloro-6-nitrobenzyl)
amino]isobutyrate hydrochloride (17.81 Kg) added, followed
by methanol (40 Kg). The mixture was stirred under hydro-
gen (2 bar) for 7 hours at between 20-27° C. after which
period the in-process check indicated reaction completion.
The reaction mixture was purged under nitrogen, filtered and
the filter cake washed with methanol (47.5 Kg). Cyanogen
bromide (7.6 Kg) was added to the methanol solution of ethyl
1-[(6-amino-2,3-dichlorobenzyl)amino]isobutyrate hydro-
chloride at 20-25° C., followed by methanol (10 L) and the
mixture heated to, and stirred at 63-64° C. for 10 hours at
which point the in-process check indicated 1.7% ethyl 1-[(6-
amino-2,3-dichlorobenzyl)amino|isobutyrate ~ remaining.
The mixture was cooled to 38° C., 15% sodium carbonate
solution (43 Kg) added maintaining the temperature between
37-38° C. and the mixture stirred at 38-40° C. for 285 min-
utes. The mixture was cooled to 20-25° C. over a period of 70
minutes, stirred at 2025° C. for 80 minutes, filtered and the
filter cake slurried with water (3x50 L), then acetone (50 L)
and the product dried at 45° C. for 8 hours to give 3,3-
dimethylanagrelide (8 Kg) with 99.28% w/w purity, by
HPLC, in 60% yield

5A. 3,3-Dimethylanagrelide Tosylate

Cl
Cl
N 1. pTSA, Acetone
2. Acetone
N)\ g Stage 4
Cl
Cl
N
J
&
N
O0=S=0
OH
Part A
3,3-Dimethylanagrelide (7.1 Kg) was added to Acetone

(232 L), followed by a line rinse of acetone (40 Kg). The
slurry was stirred at 20-21° C. for 35 minutes and para-
toluene sulphonic acid monohydrate (5.1 Kg), dissolved in
acetone (15.4 L), was added followed by a line rinse of
acetone (15.4 L). The mixture was heated to reflux (58° C.)
over a period of 52 minutes, stirred at reflux for 45 minutes,
filtered, the filter washed with acetone (20 L, pre-heated to
40-45° C.) and the mixture concentrated by atmospheric dis-
tillation, over a period of 205 minutes, to a residual volume of
approximately 90 L. The solution was held at 42-49° C. for
4.5 hours.

Part B
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3,3-Dimethylanagrelide (7.1 Kg) was added to Acetone
(232 L), followed by a line rinse of acetone (40 Kg). The
slurry was stirred at 18-20° C. for 56 minutes and para-
toluene sulphonic acid monohydrate (5.1 Kg), dissolved in
acetone (15.4 L), added followed by a line rinse of acetone
(15.4 L). The mixture was heated to reflux (58° C.) over a
period of 25 minutes, stirred at reflux for 35 minutes, filtered,
the filter washed with acetone (20 L, pre-heated to 40-45° C.)
and the solution added to the solution formed in Part A. The
mixture was heated to reflux over a period of 23 minutes and
then the mixture concentrated by atmospheric distillation,
over a period of 195 minutes, to a residual volume of 225 L.
The mixture was stirred at reflux for 20 minutes, cooled to 5°
C. over a period of 190 minutes and stirred at 2-5° C. for 1
hour. The mixture was filtered, the filter cake washed with
acetone (32 L) pre-cooled to 0-5° C. and the solid dried
in-vacuo at 45° C. for 33 hours to give 3,3-dimethy-
lanagrelide tosylate (17.5 Kg) with 99.7% purity, by HPLC,
in 78% yield.

19 17
0, 2 18
11
O=—=S=—=0
OH
Chemical Shift (ppm)  Signal, H’s Tentative Assignment
7.64 D, 1H 2
7.49 D, 2H 17,19
7.13 Q,3H 1,18,20
4.68 S,2H 6
2.28 S,3H 16
147 S, 6H 9,10

1B. 2,3-Dichloro-6-nitrobenzaldehyde

cl i1
al
0 1. HNO;, H,80,, H,0

2. TBME, H,0, Na,CO3
3. TBME, Heptane
Stage 1

Cl H

Cl

NO,

Preparation of 2,3-Dichloro-6-nitrobenzaldehyde

Concentrated sulphuric acid (450 Kg) was added to 2,3-
dichlorobenzaldehyde (59 Kg) and the mixture was heated to
40-45° C. for 1 to 2 hours, with stirring, to dissolve all the
solids then cooled to 20-25° C. over a period of up to 60
minutes. Nitric acid (70% w/w, 34.5 Kg) was added to the
solution, maintaining the temperature between 15 and 30° C.,
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over a period of up to 30 minutes. The reaction mixture was
stirred for 1 to 2 hours, at between 20-30° C., and then
quenched by controlled addition over a period up to 3 hours
into 1080 Kg of water (15-25° C.), maintaining the tempera-
ture between 15-25° C., including a vessel rinse of concen-
trated sulphuric acid (9.2 Kg). The resulting suspension was
stirred for a period up to about 30 minutes at between 15-25°
C. then isolated by filtration and washed with water (15-25°
C., 2x297 g).

The isolated crude solid was dissolved in methyl tert-butyl
ether (590 L) and washed with water (165 L), 10% w/w
sodium carbonate solution (165 L) and then water (185 L).
Solvent was removed by distillation at atmospheric pressure
until a volume of 130 L was reached. The vessel was cooled
to 35-40° C. whereupon heptane (1140 L) was added. The
resulting slurry was heated to 25-30° C. Material was isolated
by filtration and washed with heptane (90 L) then dried in
vacuo at 40-45° C. to give 2,3-dichloro-6-nitrobenzaldehyde.

'F1 NMR (CDCl,, 400 MHz): & 10.4 (s, 1H); 8 8.0 (d, 1H);
87.8 (d, 1H)

2B. 2-aminoisobutyric acid ethyl ester hydrochloride

OH  1.80Cl,, BtOH O
HN LN v
2. TBME
O Stage 2a 0 -HC

Ethanol (400 L) was added to 2-aminoisobutyric acid (22.0
Kg). Thienyl chloride (30 Kg) was added to the mixture,
maintaining the temperature at 5.40° C. The mixture was
heated to reflux and stirred for a period of 4 to 6 hours. The
reaction mixture was cooled to 5.40° C. The contents were
distilled under atmospheric pressure to a residual volume of
approximately 100 L.

Os
34
O
_/ X
1 A 6 N'H; Cl
7 8
Chemical Shift (ppm) Signal, H’s Tentative Assignment

1.2 D,3H 1
1.5 D, 6H 7,8
2.5 Quintet DMSO
34 BS Water
4.2 Quartet, 2H 2
8.8 BS, 3H* 9

* = The amine has 3 protons rather than 2 because it is protonated in the HCI in the

solution.
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3B. Ethyl
1-[(2,3-dichloro-6-nitrobenzyl)amino]isobutyrate
hydrochloride (via the imine)

NO,
(¢]
H
N,
Cl OEt
Cl Me Me
(0)
LN ~
Cl H
o) +HCI
Cl (2a)
(0]
Et3N, Toluene
Stage 2
NO,
Cl
a A OFt 1. NaBHy, AcOH
N 2.1PA, HCI
Stage 2
(0]
NO,
Not isolated

cl
Cl OFEt
N
H
0
NO, *HCL

Toluene (250 L) was added to 2,3-dichloro-6-nitrobenzal-
dehyde (42.0 Kg) and the mixture stirred until a solution
forms (30 minutes). The solution was added to the 2-ami-
noisobutyrate hydrochloride solution from Example 2A
above, followed by a line rinse of toluene (50 L). Triethy-
lamine (29 Kg) was added to the solution over a period of up
to about 30 minutes, followed by the addition of toluene (10
L). The mixture was heated to reflux and stirred under azeo-
tropic reflux for 3 hours at which point the in-process check
indicated <2% 2,3-dichloro-6-nitrobenzaldehyde remaining.
The contents were washed with water (2x225 L) then heated
to reflux and stirred under azeotropic reflux until no more
water was observed in the azeotrope bowl. The contents were
cooled to 40° C. at which point the in-process check indicated
a water content of <0.5% w/w.

Toluene (150 L) was added to sodium borohydride (7.9
Kg), and the mixture stirred at 15-25° C. The imine solution
obtained in the above paragraph was charged to the toluene/
sodium borohydride mixture, maintaining the temperature at
15-25° C. A toluene line rinse was carried out (20 L). Acetic
acid (52 Kg) was added over a period of up to 120 minutes
maintaining the temperature between 15 and 25° C., followed
by toluene (10 L) as a line rinse. The mixture was stirred for
no longer than 3 hours at which point the in-process check
indicated 52% imine remaining.

15% Sodium carbonate solution (250 L) was added to the
mixture maintaining the temperature between 15 and 25° C.,
the mixture stirred for 1 to 2 hours and the layers separated.
The organic layer was washed with water (225 L) and the
organic solution concentrated in-vacuo at no more than 60° C.
to minimum stir volume. A solution of Ha in isopropyl alco-
hol (15.7% w/w HC) was added to the imine solution main-
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taining the temperature between 15-25° C., the mixture
cooled to -5 to 0° C. and stirred for 1 to 3 hours and then
filtered, washed with isopropyl alcohol (2x100 L, pre-cooled
to 0-5° C.) and dried on the filter, until the loss on drying
indicates =5%/w/w, to give, ethyl 1-[(2,3-dichloro-6-ni-
trobenzyl)amino]isobutyrate hydrochloride.

e}
12 14
SN
9 13 15
11
10
Chemical Shift (ppm) Signal, H’s Tentative Assignment
1.26 T,3H 15
1.66 BS, 6H 10,11
4.26 Q,2H 14
4.76 BS, 2H 7
8.07 D, 1H 2
8.24 D, 1H 1
9.88 BS, H 8

Cl

Cl OEt
N
H
(6]
NO

2

“HC
cl
cl >§‘/0Et
N
H
0
NH,

1
*HC1

H,, PYC, MeOH

—_—_—

Stage 3

1. NCBr, MeOH
—_ >
2. NazCOg(aq);
H,0, Acetone
Stage 3

Not isolated
Cl

Cl
N

S
N

N H

Methanol (570 Kg) was added to 5% platinum on activated
carbon (5.3 Kg) and ethyl 1-[(2,3-dichloro-6-nitrobenzyl)
amino]isobutyrate hydrochloride (53.0 Kg) added, followed
by methanol (40 Kg). Hydrogenation was then carried out by
first starting at approximately atmospheric pressure until
hydrogen uptake tailed off after which the hydrogen pressure
was gradually increased to 2 bar whilst maintaining at 15-20°
C. The mixture was stirred at 15-25° C. under hydrogen (2
bar) until hydrogen uptake stops after which period the in-
process check indicated reaction completion. The reaction
mixture was purged under nitrogen, filtered and the filter cake
washed with methanol (80 Kg).

Cyanogen bromide (22.7 Kg) was added to the methanol
solution of ethyl 1-[(6-amino-2,3-dichlorobenzyl)amino]
isobutyrate hydrochloride at 15-25° C., followed by methanol
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(50 L) as a line rinse and the mixture heated to, and stirred at,
63-64° C. for 8 to 10 hours at which point the in-process check
indicated less than 4% ethyl 1-[(6-amino-2,3-dichloroben-
zyl)amino|isobutyrate remaining. The mixture was cooled to
35-45° C., 15% sodium carbonate solution (128 Kg) added
maintaining the temperature between 35-45° C. and the mix-
ture stirred at 35-45° C. for 4-6 hours. The mixture was cooled
to 20-25° C. and stirred for 60 minutes, filtered and the filter
cake slurried with water (300 L), then acetone (200 L) and the
product dried for no longer than 12 hours to give 3,3-dim-
ethylanagrelide.

5B. 3,3-Dimethylanagrelide Tosylate

Cl
Cl
N 1. pTSA, Acetone
O
2. Acetone
)\ N
N H
Stage 4
Cl
Cl
N
)\ ’
Z
TR
O=—=S=—=0
OH
Part A

3,3-Dimethylanagrelide (20 Kg) was added to acetone
(800 L), followed by a line rinse of acetone (16 Kg) and the
siurry was stirred. Para-toluene suiphonic acid monohydrate
(75 Kg) was mixed with acetone (178 Kg) and the mixture
stirred for 30 mins. The para-toluene sulphonic acid/acetone
solution (50 Kg) was added to the 3,3-Dimethylanagrelide/
acetone solution followed by a line rinse of acetone (20 L).
The mixture was heated to reflux (56° C.) over a period of up
to 30 minutes, filtered, the filter washed with acetone (20 L,
pre-heated to 40-45° C.) and the mixture concentrated by
atmospheric distillation to a residual volume of approxi-
mately 360 L. The solution was held at 35-50° C.
Part B

3,3-Dimethylanagrelide (20 Kg) was added to Acetone
(800 L, followed by a line rinse of acetone (16 Kg) and the
slurry was stirred. Para-toluene sulphonic acid monohydrate
(75 Kg) was mixed with acetone (178 Kg) and the mixture
stirred for 30 mins. The para-toluene sulphonic acid/acetone
solution (50 Kg) was added to the 3,3-Dimethylanagrelide/
acetone solution followed by a line rinse of acetone (20 L).
The mixture was heated to reflux (56° C.) over a period of up
to 30 minutes, filtered, the filter washed with acetone (20 L,
pre-heated to 40-45° C.) and the solution added to the solution
formed in Part A. The mixture concentrated by atmospheric
distillation to a residual volume of approximately 360 L.

The mixture was heated to reflux over a period of 15-60
minutes. The mixture was then cooled to 0-5° C. ensuring a
smooth cooling profile is achieved (a batch temperature drop
of approximately 10-15° C. per hour). The mixture was held
at 0-5° C. for 30 mins. The mixture was filtered, the filter cake
washed with acetone (75 L) pre-cooled to 0-5° C. and the
solid dried to give 3,3-dimethylanagrelide tosylate. The tosy-
late salt is a particularly convenient form of 3,3-dimethyl
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anagrelide because it is crystalline, soluble and easy to work
with enabling further purification to high levels of purity if
required.

10

Cl 19 17
0, 2 18
11
O=T=O
OH
Chemical Shift (ppm)  Signal, H’s Tentative Assignment
7.64 D,1H 2
7.49 D,2H 17,19
7.13 Q,3H 1,18,20
4.68 S,2H 6
2.28 S,3H 16
147 S, 6H 9,10

The invention claimed is:
1. A process for the preparation of a compound of formula
(A), or a salt thereof:

A)
NO,
CO,R7

R R?

wherein:

R! and R? are each independently hydrogen or a blocking
group which functions to directly or indirectly prevent
metabolic reaction at the 3-position of substitution;

V and W are independently chosen from the group consist-
ingof: H,F,C1,1, Br,CN, C, (alkyl, C, ;haloalkyl,C,
alkoxy, C,_¢ haloalkoxy and C,_¢ alkanoyl;

X andY are independently selected halo’s; and

R”is aC, 4 alkyl group or aryl group, each of which can be
optionally substituted by 1 to 3 substituents indepen-
dently selected from the group comprising: C, _ alkyl,
C,_shaloalkyl,—SR® —OR®, —NR®*R®, —NO,, SCF;,
halogen, —C(O)R®, —CN, and —CF,, where R® and R®
are independently H or C, _ alkyl

the process comprising the steps of:

(a) reacting a compound of the formula (X):

)

NO,

CHO

Y

with a glycine derivative of the formula (XI)
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XD
H,N CO,R7

R! R? 5
in the presence of a suitable base and a suitable solvent to
form an imine compound of the formula (XII)

10
(XII)

NO,

=N CO,R7

v R! R?

(b) reducing the imine compound of formula (XII) with a
suitable reducing agent to form the compound of for-
mula A; and

(c) optionally isolating the compound of formula A in the
form of an acid addition salt by reacting the compound
of formula A with an suitable acid.

2. A process for the preparation of a compound of formula

(B), or a pharmaceutically acceptable salt thereof:

25

30
B)
\ RS
W. N N/
g
N o 35
X
2R!
Y R

wherein: 40

RY, R%V, W, X, andY are all as defined in claim 1; and

R’ is H, C,_4 alkyl or OH;

the process comprising the steps of:

(a) forming a compound of formula A from a compound of
formula (X) as defined in claim 1;

(b) reducing the compound of formula (A) to form a com-
pound of formula (XIII):

45

(XIII) 50
NH,

" 7
N COR ss

v R! R?
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(c) reacting the compound of formula (XIII) prepared in
step (b) above with cyanogen bromide in a suitable sol-
vent to form a compound of the formula (XIV)

XIV)

NH

N COR7

v R! R?

(d) reacting the compound of formula (XIV) under
cycloalkylation conditions to form the compound of for-
mula (B); and

(e) optionally thereafter forming a pharmaceutically
acceptable salt of the compound of formula (B).

3. The process according to claim 1, wherein X and Y are
chloro.

4. The process according to claim 1, wherein W and V are
hydrogen.

5. The process according to claim 1, wherein R' and R? are
both selected from hydrogen or methyl.

6. The process according to claim 1, wherein R and R? are
both methyl.

7. The process according to claim 2, wherein R® is hydro-
gen.

8. The process according to claim 1, wherein R” is methyl
or ethyl.

9. The process according to claim 2, wherein X and Y are
chloro; V and W are hydrogen, R* and R? are both methyl; and
R’ is hydrogen.

10. The process according to claim 1, wherein X and Y are
chloro; V and W are hydrogen, R' and R? are both hydrogen
or methyl; and R” is methyl or ethyl.

11. The process according to claim 1, wherein the com-
pounds of formula (X) are prepared by nitrating a compound
of the formula (IX) shown below:

Ix)

X CHO.



